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[Note: Names, addresses, company names and brand names are translated 
in the most common manner. Japanese language does not have singular or 
plural words unless otherwise specified by a numeral prefix or a general 
form of plurality suffix J 

(54) [Name of the Invention] 
Electret 
(57) [Abstract] 
[Topicl 

The topic of the present invention is to suggest an electret, which even under high 
temperature and high humidity has low electrical charge attenuation and excellent 
holding properties. 

[Solution Measures] 

An electret formed by the electretization of ionomer, obtained as 10 ~ 100 % of the 
carboxylic radicals of ethylene - unsaturated carboxylic acid copolymer where the 
unsaturated carboxylic acid content is in the range of 1 - 30 weight %, is neutralized by 
alkaline earth type metal ion. 

Also, an electret is formed by the electretization of a resin composition material 
consisting of 1 - 99 weight parts of the above described ionomer, and of 99 - 1 weight 
parts of another thermoplastic resin. 

[Scope of the Claims] 

[Claim 1] 

An electret formed by the electretization of ionomer, obtained as 10 ~ 100 % of the 
carboxylic radicals of ethylene - unsaturated carboxylic acid copolymer where the 
unsaturated carboxylic acid content is in the range of 1 - 30 weight %, is neutralized by 
alkaline earth type metal ion. 

[Claim 2] 

An electret formed by the electretization of a resin composition consisting of ionomer, 
obtained as 10 ~ 100 % of the carboxylic radicals of ethylene - unsaturated carboxylic 
acid copolymer where the unsaturated carboxylic acid content is in the range of 1 - 30 
weight %, is neutralized by alkaline earth type metal ion, in an amount in the range of 99 
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~ 1 weight %, and of another thermoplastic resin in an amount in the range of 99 - 1 
weight parts. 

[Detailed Description of the Invention] 
[0001] 

[Technological Field of the Invention] 

The present invention is an invention about electret with excellent long term electrical 
charge holding properties. 

[0002] 

[Prior Art] 

Electrets formed as polymeric compounds are electrically charged have been widely used 
in dustproof filters, audio elements etc. The fact that ionomers can be utilized as such 
polymeric compounds that can be used for such applications, is already known as it has 
been disclosed according to the report described in the Japanese Patent Application Laid 
Open Number Showa 51-48278. In more details, the fact that it is possible to use 
ionomers, which have sodium or zinc ion source, has been disclosed, and it has been 
shown that the change of the surface electrical charge with the passing of the time, is 
small. However, in practice, in many applications, it is required that the change of the 
surface electrical charge with time be small even under high temperature and high 
humidity environments, and with respect to this point, it has been concluded that when 
sodium or zinc ionomers are used, sufficient performance is not obtained. 

[0003] 

In the description reported in the Japanese Patent Application Laid Open Number Showa 
51-48278 it has also been reported that as the polymeric compound used for the electret, 
it is also a good option if together with the polyolefins modified by using unsaturated 
carboxylic acids or their derivatives ionomer resins, are used. However, there is no 
detailed statement at all regarding the ionomer resins. 

[0004] 

[Problems Solved by the Present Invention] 

It is known that the ionomer resins are resins possessing excellent properties like 
transparency properties, oil resistance properties, and other different types of properties, 
and also, that it is possible to control these properties through the content of the 
unsaturated carboxylic acids and the degree of neutralization. Then, the authors of the 
present invention have conducted studies to improve the drawback points of the sodium 
and zinc ionomers described according to the description reported in the Japanese Patent 
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Application Laid Open Number Showa 51-48278, in order to suggest electret material, 
which embodies such properties. As a result from that it was found that by the use of a 
material, which has an alkaline earth type metal as the ion source, for the ionomer 
material, it is possible to achieve this goal, and by that the present invention was 
achieved. Consequently, the present invention is an invention, which suggests an electret 
that is manufactured from ionomers, and that has improved long term electrical charge 
holding properties. 

[0005] 

[Measures in Order to Solve the Problems] 

The present invention is an invention about an electret formed by the electretization of 
ionomer, obtained as 10 - 100 % of the carboxylic radicals of ethylene - unsaturated 
carboxylic acid copolymer where the unsaturated carboxylic acid content is in the range 
of 1 ~ 30 weight %, is neutralized by alkaline earth type metal ion. And also, the present 
invention is an invention about an electret formed by the electretization of a resin 
composition consisting of ionomer, obtained as 10 - 100 % of the carboxylic radicals of 
ethylene - unsaturated carboxylic acid copolymer where the unsaturated carboxylic acid 
content is in the range of 1 - 30 weight %, is neutralized by alkaline earth type metal ion, 
in an amount in the range of 99 - 1 weight %, and of another thermoplastic resin in an 
amount in the range of 99 ~ 1 weight parts. 

[0006] 

[Practical Embodiment of the Present Invention] 

As the base polymer of the ionomer, which is used according to the present invention and 
which has alkaline earth type metal ions as the ion source, there are the ethylene 
unsaturated copolymer materials, where the content of the unsaturated carboxylic acid is 
in the range of 1 ~ 30 weight parts, and preferably, it is in the range of 5 ~ 25 weight 
parts, and it is possible to use not only ethylene and unsaturated carboxylic acid two 
component copolymers, but also, it is a good option if multi-component copolymer 
materials, where any other monomer material has been copolymerized, are employed. 

[0007] 

Here, as the unsaturated carboxylic acid, it is possible to list as examples, acrylic acid, 
methacrylic acid, ethacrylic acid, maleic acid, fumaric acid, itaconic acid, anhydrous 
maleic acid, monomethyl maleate, monomethyl maleate, etc. And especially, acrylic acid 
or methacrylic acid, are preferred. 

[0008] 

As the above described other monomer material that can be optionally copolymerized it 
is possible to list the following materials as examples: vinyl acetate, vinyl propionate, 
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etc., vinyl esters, methyl acrylate, ethyl acrylate, isopropyl acrylate, isobutyl acrylate, n- 
butyl acrylate, isooctyl acrylate, 2-ethyl hexyl acrylate, methyl methacrylate, ethyl 
methacrylate, isobutyl methacrylate, dimethyl maleate, diethyl maleate, etc., unsaturated 
carboxylic acid esters, carbon monoxide, sulfur dioxide, etc. These other monomer 
materials, can be optionally compounded, for example, in an amount that is within the 
range of 0 ~ 40 weight %, and preferably, within the range of 0 - 30 weight %. 

[0009] 

As such base polymer, it is preferred to use materials whose melt flow rate at a 
temperature of 190oC and a load of 2160 grams, is in the range of 0.1 ~ 10000 g/10 
minutes, and preferably in the range of 1 ~ 3000 g/10 minutes. 

[0010] 

According to the present invention, materials are used where 10-100 %, and preferably, 
20 ~ 90 %, and especially preferably, 30 ~ 80 % of the carboxylic radicals of such 
ethylene unsaturated carboxylic acid copolymer materials, have been neutralized by 
alkaline earth type metal ions. Here, as the alkaline earth type metal ions used, there are 
magnesium, calcium, strontium, etc., and especially, magnesium is the most preferred. If 
instead of such alkaline earth type metal ions, lithium, sodium, potassium etc., alkali 
metals or zinc etc., neutralization materials, are used, it is not possible to obtain electrets 
with excellent long-term electrical charge holding properties. As the ionomer, if the 
molding processing properties, the properties of the molded materials, etc., are 
considered, it is preferred to use materials whose melt flow rate at a temperature of 
190oC and a load of 2160 grams is in the range of 0.01 ~ 1000 g/10 minutes, and 
especially, those where it is in the range of 0.1 ~ 500 g/10 minutes. 

[0011] 

According to the present invention it is possible that the material obtained as the above 
described alkaline earth type metal ionomer is electretized only by itself, be used, 
however, optionally, also a material, obtained as any other thermoplastic resin is 
compounded, can be used as the raw material for the electretization. As such other 
thermoplastic resin, it is possible to list the following materials as examples: different 
types of polyethylene, polypropylene, poly - 1- butene, poly - 4- methyl - 1- pentene, 
etc., polyolefms, ethylene - vinyl acetate copolymers, ethylene (meth)acrylic acid 
copolymers, ethylene (meth)acrylic acid ester copolymers, ethylene vinyl alcohol 
copolymers, etc., ethylene type copolymers, polyesters, polyamides, polycarbonates, 
polystyrenes, ABS type resins, polyvinyl chlorides, polyvinylidene chlorides, 
polyphenylene oxides, polyacetal, polysulfone, polyimide, natural rubber, synthetic 
rubber, etc. Regarding the compounding ratio of the alkaline earth type metal ionomer 
and this other thermoplastic resin material, for example, the former is within the range of 
1 ~ 99 weight parts, and preferably, it is within the range of 50 ~ 99 weight parts, and the 
latter is within the range of 99 ~ 1 weight parts, and preferably, it is within the range of 
50 ~ 1 weight parts. 
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[0012] 



In the electretization of the alkaline earth type metal ionomer or of the compounded 
material obtained from that and the other thermoplastic resin material, it is possible to 
also compound different types of additive agents. As such additive agents, it is possible to 
compound antioxidation agents, thermal stabilization agents, ultraviolet light absorbing 
agents, light stabilization agents, dyes, pigment materials, flame retardants, anti-blocking 
agents, plasticizer agents, tackifiers, oils, electrical charge regulating agents, reinforcing 
materials, inorganic filler agents, etc. 

[0013] 

The electretization can be conducted according to the well known methods, like for 
example, the thermal electretization method, the electro-electretization method, the radio- 
electretization method, the mechano-electretization method, etc. These can be conducted 
prior to the molding, simultaneously with the molding, or after the molding. Also, 
depending on the molding conditions, there is spontaneous charging, and in such cases, it 
is possible to eliminate the electrical charge treatment. 

[0014] 

[Results From the Present Invention] 

The electret according to the present invention, even under high temperature and high 
humidity, has low electrical charge attenuation and has excellent properties. 
Consequently, it can be advantageously used in shapes such as a fiber shape, film shape, 
sheet shape, tubular shape, pipe shape, powder form, etc. Also, it is possible to be used as 
woven or nonwoven fabric, or other materials, for example, as a laminated material 
where it is laminated with thermoplastic resin. The obtained by that electret molded 
product has excellent long-term electrical charge holding properties and it also has the 
excellent properties, which are inherent to the ionomers, and because of that, it is a 
material that can be used in dustproof filters, microphones etc., audio elements, 
measurement elements, recording elements, recording materials, coating materials, 
medical materials, etc. 

[0015] 

[Practical Examples] 

After that the present invention will be explained by using practical implementation 
examples. Moreover, raw materials used in the practical examples and the reference 
examples and the evaluation methods of the different properties, are according to the 
below described. 



[0016] 
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1. Raw Materials 

(1) Base polymer of the ionomer 
The materials shown according to Table 1, are used. 
[0017] 



[Table 1] 





Copolymer Composition 






Type of the 
unsaturated 
carboxylic acid 


Compounded 
Amount (weight %) 


MFR 

(g/10 minutes) 


Acid Copolymer (1) 


Methacrylic acid 


9 


10 


Acid Copolymer (2) 


Methacrylic acid 


10 


35 


Acid Copolymer (3) 


Methacrylic acid 


15 


60 


Acid Copolymer (4) 


Methacrylic acid 


20 


60 



[0018] 

(2) Thermoplastic resin compounded to the ionomer 

Polypropylene: Manufactured by Mitsui Chemicals Inc. 
MFR: 10 g/10 minutes (230oC) 

[0019] 

(3) Organic amine used in the neutralization 

NBDA: Manufactured by Mitsui Toatsu Chemicals Inc. 
2, 5 (2, 6) - bis (aminomethyl) bicyclo [2, 2] heptane 

[0020] 

2. Property Evaluation Methods 

(1) MFR: The evaluation is conducted according to the regulations of the JIS 
K7210, at a temperature of 190oC and a load of 2160 grams. However, the 
thermoplastic resin 1 was evaluated at a temperature of 230oC and a load 
of 2160 grams. 

[0021] 
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(2) Retention of the surface charge density 

(a) Equipment 

Measurement equipment: Surface charge density measurement device, manufactured by 
the Institute for Physical and Chemical Research (RIKEN). 

Charge equipment: 

Electrical source: Direct current charge electrical voltage source (manufactured by 
Matsutei Predishon Company) 

Electrode: minus - needle shape electrode, stainless steel plate ground electrode 
[0022] 

(b) Electrical charging conditions 

Temperature: 25oC 

Electrical voltage: -7 kV 

Charge time: 30 sec. 

Electrode distance: 10 mm 

Test specimen dimensions: 80 x 220 x 0.05 mm sheet 

[0023] 

© Measurement Method 

The film is electrically charged and after that it is placed between aluminum plates and 
shorted and the unstable surface electrical charge is eliminated, and it is left to stand at 
room temperature for 1 hour, and the surface charge density, measured by the surface 
charge density measurement equipment, is taken as the initial value. After that, the above 
described sample is placed in a constant temperature and constant humidity chamber and 
it is left to stay for 24 hours at a temperature of 60oC and an RH of 80 %, and after that 
the surface charge density is measured, and from the ration of that and the above 
described initial value, the retention of the surface charge density was obtained, and the 
stability properties of the electret film, were evaluated. 

[0024] 

[Practical Example 1] 

Inside a vented type single screw extruder (screw diameter 65 mm, L/D=33), the acid 
copolymer material (2) was ionized through a magnesium source, and magnesium 
ionomer with a neutralization level of 80 mol %, was obtained. The obtained magnesium 
ionomer was formed into a film by using an inflation film forming device, and it was 
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electrically charged, and after that according to the above described method (2), the 
retention of the surface charge density, was measured. The results are shown according to 
the presented in table 3. 

[0025] 

[Practical Examples 2, 3] 

The magnesium ionomer, obtained according to the Practical Example 1, where instead 
of the base resin acid copolymer material (2), the acid copolymer material (3), was used, 
and an ionization was conducted by using magnesium source at a neutralization level 
shown according to the presented in Table 2, was formed as a film with the 
predetermined shape the same way as in the case of the Practical Example 1, and it was 
electrically charged, and after that the retention of the surface charge density was 
measured according to the above described method. The results are shown according to 
the presented in Table 3. 

[0026] 

[Practical Examples 4-6] 

A resin composition material obtained as the same magnesium ionomer and the same 
polypropylene (manufactured by Mitsui Petro-Chemicals Company) as those used 
according to the Practical Example 3 above were used and these were melted and mixed 
at the compounding rations shown according to Table 2, was formed as a film with the 
predetermined shape, by using an inflation film forming equipment, and after that the 
retention of the surface charge density was measured according to the above described 
method. The results are shown according to the presented in Table 3. 

[0027] 

[Reference Examples 1-4] 

Each of the zinc ionomers with the neutralization levels shown according to Table 2, 
obtained when as the base resins, the acid copolymer materials (1) - (4) were 
correspondingly used, and instead of the magnesium source, zinc source was used and 
these were ionized, were formed as a film with the predetermined shape by using an 
inflation film forming equipment, and after that the retention of the surface charge 
density was measured according to the above described method, however, the retention 
coefficients were low compared to those obtained in the case of the practical examples. 
The results are shown according to the presented in Table 3. 

[0028] 
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[Reference Example 5] 

A sodium ionomer material with a 52 mol % neutralization level, which is obtained when 
the acid copolymer material (3) was used as the base polymer, and where the ionization 
was conducted by using sodium source instead of the magnesium, was formed as a film 
with the predetermined shape by using an inflation film forming equipment, and after that 
the retention of the surface charge density was measured according to the above 
described method, however, the retention coefficients were low compared to those 
obtained in the case of the practical examples. The results are shown according to the 
presented in Table 3. 

[0029] 

[Reference Example 6] 

An amine ionomer material with a 80 mol % neutralization level, which is obtained when 
the acid copolymer material (3) was used as the base polymer, and where the ionization 
was conducted by using the amine compound NBDA, reported according to the above 
described (3), was formed as a film with the predetermined shape by using an inflation 
film forming equipment, and after that the retention of the surface charge density was 
measured according to the above described method, however, the retention coefficients 
were low compared to those obtained in the case of the practical examples. The results 
are shown according to the presented in Table 3. 

[0030] 



[Table 2] 





Ionomer 


Thermoplastic 
Resin 


Ionomer/Thermoplastic Resin 
Compounding Ratio 




Base Resin 


Ion 
Typ 
e 


Neutralization 
Level, Mol % 


Practical 
Example 1 


Acid Copolymer (2) 


Mg 


80 






Practical 
Example 2 


Acid Copolymer (3) 


Mg 


40 






Practical 
Example 3 


Acid Copolymer (3) 


Mg 


60 






Practical 
Example 4 


Acid Copolymer (3) 


Mg 


60 


Polypropylene 


3/1 


Practical 
Example 5 


Acid Copolymer (3) 


Mg 


60 


Polypropylene 


1/1 


Practical 
Example 6 


Acid Copolymer (3) 


Mg 


60 


Polypropylene 


1/3 


Reference 
Example 1 


Acid Copolymer (1) 


Zn 


18 






Reference 
Example 2 


Acid Copolymer (2) 


Zn 


68 






Reference 
Example 3 


Acid Copolymer (3) 


Zn 


58 
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Reference 
Example 4 


Acid Copolymer (4) 


Zn 


40 






Reference 
Example 5 


Acid Copolymer (3) 


Na 


52 






Reference 
Example 6 


Acid Copolymer (3) 


Zn 


80 







[0031] 
[Table 3] 





Surface Charge Density (x 10 -9 C/cm2) 




Initial Value 


After Aging 


Retention 
Coefficient, % 


Practical Example 1 


17.3 


12.8 


74 


Practical Example 2 


17.4 


11.2 


64.4 


Practical Example 3 


22.4 


15.4 


69 


Practical Example 4 


11.4 


5.9 


51.8 


Practical Example 5 


11.5 


4.8 


41.7 


Practical Example 6 


7.4 


4.9 


66.2 


Reference Example 1 


19.4 


3.2 


16.5 


Reference Example 2 


20.4 


6.7 


32.8 


Reference Example 3 


23 


2.6 


11.3 


Reference Example 4 


21.8 


2.5 


12 


Reference Example 5 


24.4 


1.5 


5.9 


Reference Example 6 


23.3 


0.1 


0 



Patent Assignee: Dupont Mitsui Polychem. Co. Ltd. 

Translated by Alberta Blagev ((651) 735-1461 (h), (651) 704-7946 (w)) 
03/22/02 
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